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目的：探索尼古丁对 IL-1β 诱导的大鼠 OA 软骨细胞（模拟 OA 软骨细胞）
的调节作用，观察是否能够通过激活软骨细胞内 PI3K/Akt 信号通路而抑制 OA









关信号分子的检测：蛋白免疫印迹法（Western blotting）检测 Akt，p-Akt 及其下
游信号分子 bcl-xl、bcl-2 和 p70S6，核糖体 S6 激酶的蛋白分泌水平；反转录 RCR









丁可上调 p-Akt 蛋白表达水平，但却未能提高 Akt1-mRNA 的表达水平。进一步
的实验检测到尼古丁可增强部分 Akt 下游分子：p70S6、核糖体 S6 激酶、bcl-xl、















同时提高了 p-Akt 的蛋白表达。 




















Objective. To identify the effects of nicotine on chondrocyte apoptosis in rat 
osteoarthritis (OA) which induced by IL-1β and the mechanism in vitro and in vivo. 
To observe that it is feasible to inhibite chondrocyte apoptosis and keep chondrocyte  
survival in rat osteoarthritis (OA) via activating PI3K/Akt signaling pathway. 
Meanwhile, combining together that the protective effect of nicotine on OA cartilage 
tissue damage, to provide the potential theoretical foundation for preventing and 
healing OA in clinic with nicotine in the future. 
Methods. In vitro,Chondrocytes were freshly isolated from newly born rat,Than 
Chondrocytes were exposured to IL-1β (10ng/mL) for 2h which being used as a 
modulating and chondrocyte apoptosis inducing agent meanwhile were identified with 
ammonium methylbenzene blue and Ⅱcollagen immunohistochemistry technology. 
After treating with nicotine,the viability of chondrocytes were analyzed by MTT assay 
and the percentage of later apoptotic cell  death was surveyed by propidium iodide 
signal-labeling FACS analysis. The expression of Akt, phosphorylation of Akt, 
downstream protein targets of activated Akt, bcl-xl, bcl-2 and phosphorylation of 
p70S6,ribosomal S6 kinase were detected  by Western blotting. The reverse 
transcription polymerase chain reaction (RT-PCR) was performed to measure the 
expression of Akt1-mRNA. In vivo,Morphology observation was performed to 
evaluate the effect of nicotine on the repair of cartilage surface in rat OA model 
induced by anterior cruciate ligament transaction+medial meniscus exscind 
(ACLT+MMx) in right knees via PI3K/Akt pathway . 
Results. In vitro,cells cytoplasm which isolated from SD rat was stained with 
ammonium methylbenzene blue,and it show that cytoplasm was light blue,1-3 indigo  
nucleolus,  a little metachromatic granule around the cells,meanwhile the cells 
expressed a strong positive Ⅱcollagen, claybank granules in the cytoplasmb but free 
coloring at nucleus.Nicotine could promote cell activity and inhibit cell apoptosis of 
IL-1β-stimulated rat OA chondrocytes. Treatment of  rat OA chondrocytes for 
nicotine upregulated protein expression level of p-Akt in OA model Chondrocytes but 
not at Akt1-mRNA.Furthermore, increased the expression of  p70S6 kinase, 














interestingly,nicotine could increase the thickness of surface of articular cartilage and 
repaired the injured of surface of articular cartilage in rat OA model as well as 
upregulating the expression phosphorylation of Akt.  
Conclusion. Nicotine could prevent chondrocyte from apoptosis in the 
IL-1β-stimulated rat osteoarthritis model partly via phosphoinositide-3 kinase 
(PI3K)/Akt pathway and slow damage of articular cartilage caused by OA.Nicotine 
may therefore be a potential therapeutic and prevented agent for intraarticular 
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外基质稳定的必要条件, 而软骨细胞的凋亡是 OA 关节软骨退变的关键因素[12]。
Hashimoto 及 Heraud 等用流式细胞学及免疫激光细胞分类法(FACS)观察到人正
常和 OA 骨性关节炎中软骨细胞的凋亡率存在显著差异，证实了 OA 关节软骨细
胞的凋亡高于正常关节软骨细胞[13, 14]。研究发现, OA 软骨细胞凋亡可由两种相互
独立途径：NO 和 Fas 两种途径介导,两者相同的作用结果均可活化 Caspase,引起
细胞核 DNA 降解, 导致靶细胞凋亡[15]，在对 OA 关节软骨细胞凋亡相关原癌基














尼古丁通过 PI3K/Akt 信号通路保护大鼠软骨细胞抵抗白介素-1 诱导的细胞凋亡 
2 
感知细胞 DNA 损伤, 其靶基因编码产物 P21 可以促使细胞停留在 G1 期, 进行











胞、上皮细胞等[20-23]。 Romano 等通过实验发现在肌腱和骨膜发育的早期表达 




通过激活磷脂酰肌醇 3-激酶（PI3K）后磷酸化 Akt，使其被激活。Akt 信号通路
为一条在很多细胞类型中的经典的抑制细胞凋亡的信号通路，其在调节软骨细胞
凋亡与存活及延缓骨性关节炎的细胞信号调整中发挥着重要作用[25, 26]。PKB 是 P 
I3K 信号转导途径中一个重要的下游靶激酶，当其 Thr308 位点和 C 末端调节区
的 Ser473 位点被磷酸化后,PKB /Akt 便具有活性[27]，PI3K/Akt 信号转导途径参与
调节细胞生命活动, 其主要的生物学功能为促进细胞生长, 抑制细胞凋亡[28]。
PI3K/Akt 信号途径的正常表达对关节软骨细胞的增殖、分化具有不可替代的作





















过激活 PI3K/Akt 细胞信号通路促进肿瘤细胞系的细胞增值[31, 32]。然而，关于阐





亡关系密切，故而进一步探讨 PI3K/Akt 信号转导通路在 OA 软骨细胞中的变化































Degree papers are in the “Xiamen University Electronic Theses and Dissertations Database”. Full
texts are available in the following ways: 
1. If your library is a CALIS member libraries, please log on http://etd.calis.edu.cn/ and submit
requests online, or consult the interlibrary loan department in your library. 
2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn for delivery details.
厦
门
大
学
博
硕
士
论
文
摘
要
库
